BR55: a lipopeptide-based VEGFR2-targeted ultrasound contrast agent for molecular imaging of angiogenesis.
BR55, an ultrasound contrast agent functionalized with a heterodimer peptide targeting the vascular endothelial growth factor receptor 2 (VEGFR2), was evaluated in vitro and in vivo, demonstrating its potential for specific tumor detection. The targeted contrast agent was prepared by incorporation of a biospecific lipopeptide into the microbubble membrane. Experiments were performed in vitro to demonstrate the binding capacities of BR55 microbubbles on immobilized receptor proteins and on various endothelial or transfected cells expressing VEGFR2. The performance of BR55 microbubbles was compared with that of streptavidin-conjugated microbubbles targeted to the same receptor by coupling them to a biotinylated antibody. The specificity of BR55 binding to human and mouse endothelial cells was determined in competition experiments with the free lipopeptide, vascular endothelial growth factor (VEGF), or a VEGFR2-specific antibody. Molecular ultrasound imaging of VEGFR2 was performed in an orthotopic breast tumor model in rats using a nondestructive, contrast-specific imaging mode. BR55 was shown to bind specifically to the immobilized recombinant VEGFR2 under flow (dynamic conditions). BR55 accumulation on the target over time was similar to that of microbubbles bearing a specific antibody. BR55 avidly bound to cells expressing VEGFR2, and the pattern of microbubble distribution was correlated with the pattern of receptor expression determined by immunocytochemistry. The binding of targeted microbubbles on cells was competed off by an excess of free lipopeptide, the natural ligand (VEGF) and by a VEGFR2-specific antibody (P < 0.001). Although selected for the human receptor, the VEGFR2-binding lipopeptide was also shown to recognize the rodent receptor. Tumor perfusion was assessed during the vascular phase of BR55, and then the malignant lesion was highlighted by specific accumulation of the targeted microbubbles on tumoral endothelium. The presence of VEGFR2 was confirmed by immunofluorescence staining of tumor cryosections. VEGFR2-targeted ultrasound contrast agents such as BR55 will likely prove useful in human for the early detection of tumors as well as for the assessment of response to specific treatments.